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THE CAMBIUM AND ITS DERIVATIVE TISSUES 
NO. IX. STRUCTURAL VARIABILITY IX THE REDWOOD, 


SEQl 


lA SEMPER VIRENS, AND ITS SICXIFICANC’E IX 
THE IDEXTIFIC.XTIOX OF FOSSIL WOODS 

I. W. Bailkv .\ni) An.na F. F'aui.l 

ll'ith one text fu/iirr a)id hlalcs 


INTRODUCTION 


Systems of classifying the woods of conifers and dicotyledons have 
developed largely through trial and error, and in many cases do not 
provide a reliable basis for the identification of fossilized specimens. 
This is due to the fact that comparatively little is known concerning 
the limits of variability of the diagnostic criteria used in the construc¬ 
tion of keys. 

In the seventh paper of this series (Bailey, 3) it was shown that a 
number of the so-called transitional Mesozoic Coniferaj fall within the 
range of variability of living representatives of the Pinacese-Abietoideae. 
If Protoccdroxylon, Planoxylon, Protopiccoxylon, etc., are to be classi- 
lied as Protopinaceae or Araucariopityea?, then so should certain speci¬ 
mens of the wood of Cedrus, Kctclccria, and other e.xtant genera. Such 
paradoxical situations can not be fully clarified until large collections of 
authentic specimens are assembled, not only from different genera, 
species, and geographical races, but also from different parts of the 
tree and from trees growing under different environmental conditions. 

In choosing a species for an investigation of the range of variability 
of anatomical characters, it seemed advisable to select the redwood. 
Sequoia sempcrvirctis Endl. This tree is of unusual interest not only 
because of its large size and longevity, but also because it belongs to a 
genus which has been, and still is, the subject of frequent discussion in 
paleobotanical literature. 

MATERIAL 


Most of the material from mature stems of large diameter was col¬ 
lected by Professor .\. E. Douglass in connection with his investiga¬ 
tion of tree rings. Entire cross .sections were secured from different 
heights in the tree and from trees growing in different parts of the 
extensive range of the redwood. Small specimens suitable for anatom¬ 
ical study were removed along specific radii of these huge cross sec¬ 
tions. Specimens from roots, branches, and stem.s, of both seedling- 
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trees and sjirout-trees, were collected by the senior author in AJendo- 
cino and Monterey counties. Additional material was obtained throuuh 
the kind assistance of Mr. Frank Poulter, Professor Fmanuel Fritz of 

• 7 

the University of ('alifornia, Mr. H. L. Person of the California Forest 
Experiment Station, Dr. 1). T. MacDouj 2 ;al and Mr. F. \\'. Haasis 
of the Carnegie Institution, and others. 


GRtJWTll 1. A VERS 

The growth layers of the redwood, as seen in tran.sver.se sections, 
vary considerably in width, in the ratio of latewood to earlywood, and 
in the abruptness of the transitions between thin-walled and thick- 
walled tracheids, F/g.v. 1-13. In young trees growing under favorable 
environmental conditions, the growth layers of the stem commonly 
attain a width of from 4-10 millimeters. Fig. 11. During the subse¬ 
quent development of the trees, the rings tend to become narrower 
and narrower. Figs. 3-5, anil may actual!}’ be reduced at times to the 
theoretical minimum of two tracheids, i.e., one thin-walled cell and 
one thick-walled cell, (a) in Fig. 5. Such sequences of growth layers 
of decreasing width, although of not infrequent occurrence, are by no 
means a characteristic feature of all redwoods. The species grows 
naturally in forests of the “selection type, " and a large proportion of 
the trees originate as sprouts which develop in deep shade and are 
forced to grow for a varying period of years in a more or less sui)pressed 
condition. Thus, many of the trees in virgin forests have relatively 
narrow rings throughout the stem, or alternating zones of narrow and 
wide rings; for even old suppressed trees may form wide rings. Fig. 13, 
when released from the competition of their dominating neighbors 
( Fritz, 12), or in response to specific tropisms. Fig. 6. Excentric arcs 
of abnormally wide growth layers, false rings. Fig. 12, incomplete 
rings (PTitz and Averell, 11), and burly or curly structures are of 
very common occurrence. .As stated by Fisher (10), “the tree's vitality 
is .so great, it endures so many vicissitudes, and suffers from so many 
accidents in the centuries of its existence, that the grain of its wood 
becomes uneven in luoportion as its life has been eventful." The 
growth layers of branches and roots. Figs. 7-10, tend to be narrower 
than those of stems of comparable ages. It is evident, accordingly, 
that in the redwood as in many other Coniferfe, width of annual ring is 
a tluctuating character which varies within rather wide limits, not only 
within different parts of a single tree, but also within homologous por¬ 
tions of trees having different developmental histories. 

In narrow rings from the peripheral portions of old stems, roots, and 
branches, Figs. 4, 5. 8, and 10, the ratio of latewood to earlywood is 
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low, 1:6 to 1:2C, and the transitions between thin-walled and thick- 
waJled tracheids are very abrupt; whereas in wide rings, Figs. 3, 6, 
and 13, the ratio tends to be higher, 1:3 to 4:7, and the transitions may 
be either gradual, Fig. 13, or abrupt. Figs. 3 and 6. In the inner rings 
of stems and branches, the ratio of latewood to earlywood tends to be 
lower in the wider rings, Figs. 1, 2, 7, 11, and 12, and the transitions 
between the two types of tracheids to be so gradual that it is difficult 
to determine with certainty just where the earlywood leaves off and 
the latewood begins. Paul (23) and Luxford and Markwardt (22) 
have shown that in the case of second-growth redwood, specific gravity 
and strength values are lower in ojien grown trees with large crowns 
and wide rings than in trees of denselv stocked stands with small 
crowns and narrower rings, the differences being due, in ultimate 

~ 7 

analysis, to variations in the ratio of latewood to earlywood. It should 
be emphasized, however, that there are numerous exceptions to these 
general tendencies, particularly in “compression wood" (Hartig, 16), 
and in tissues growing under abnormal conditions. For example. Fig. 9 
is a transverse section of “compression wood" from the under side of 
an old slowly growing branch, d'he narrow rings are composed entirely 
of thick-walled tracheids, and it is difficult to ilistinguish the limits of 
the individual growth layers. 


TRACHi:.\RY i:le.m FXT.^ 

The size, form, and arrangement of the tracheids—of both earlv- 

/ 7 1 / m 

wood and latewood—vary markedly in different parts of a single tree 
and in homologous parts of trees which have had different develop¬ 
mental histories. As shown by Sanio (27), Hartig (15), Shepard and 
Bailey (29), and subsequently by many others, the tracheids of Coni- 
ferje are smaller in the inner than in the outer rings of the stem. This 
is due primarily to an increase in the length and tangential diameter 
of the cambial initials, [larticularly during the earlier years of the 
meristematic activity of the cambium (Hartig, 15; Bailey 1, 2). 
Thus, in passing from the pith outward through the xylem of old, 
straight-grained, symmetrical stems, the derivatives of the cam¬ 
bium become longer and wider until they eventually attain dimen¬ 
sions which remain more or less constant through succeding annual 

The detailed investigations of Bailey and Tupper (4) indi¬ 
cate that in any particular radius of the stem, the size-on-age 
curve, or one or more portions of it, may deviate from the normal, 
owing to the effects of various modifying factors. For example, 
the distorted tissue formed subsequent to injury, or in response to 
abnormal conditions of growth, commonly possesses shorter tracheids 
than normal tissue. Similarly, tissue formed in regions of the tree 


rings. 
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where there are mechanical stresses, i.e., at the junction of stems and 
roots or branches, or in bent or deformed stems, tends to have smaller 
tracheids than niTrmal. straight-grained tissue. Therefore, the larjjest 
tracheids usually occur in the “clear lentith” of tall trees or that central 
portion between the swollen liasc* and the crown which is devoid of 
branches: whereas smaller tracheids are characteristic of suppressed 
branches and of the physiologically dwarfed stems of depauperate 

plants. 



100 200 300 400 500 


AGE-YEARS 


Text l/'icrKi*: 1. (iraplis illnstratini!: xariations iti leti.q’th of tracheary 
olcinenls in from the innermost to the ontennost secondary xylein. 

(A) Root: JA inchc'- in diameter and IJO vears old. (B) K(^nt : \2 

■ m 

iiiclics in (lianictcr and 4.^(1 ycar> old. (( ) .'4tcin : 5 tect in tliaincter .and 
420 years old. at ,''tuni|» heii^ht. ( I)) Ibainch : 1’^4 inches in <li.aineter .and 
1.30 years old. from the crown ot a hn.tre old tree. I'-.ach j)oint on the 
.i^raph.s represents an aver.aii^e ol 100 ineasiireinent''. 


.\s indicated in Text fig. I, the tracheary elements of the retlwood 

do in other representatives of the 


fluctuate in length much as they 


Coniferae, but the range of variability tends to be greater than in smaller 
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and shorter-lived species. In the material examined by us, the 
tracheids vary from less than a millimeter to more than a centimeter in 
length. The longest cells occur in roots, Text fig. 1, A and B, and the 
clear length of tall stems, whereas shorter cells are formed in branches. 
Text fig. 1, D, and in suppressed stems. 

The tracheids of Sequoia sempervireris fluctuate from less than 10 [i 
to more than 100 [j in diameter. In radial strips from the clear lengths 
of huge mature trees, the average tangential diameter of the tracheids 
commonly varies from approximately 20 |,i in the innermost rings to 
60 p in the outer growth layers. Figs. 1, 4, and 5. In old suppressed 
branches, on the contrary, the differences in diameter, 18 to 24 p, may 
be scarcely detectable. Figs. 7-9. In the roots of the .Abietineae, the 
widest tracheids frequently occur in close proximity to the primary 
elements; whereas in the redwood the tracheary cells commonly are 
smaller in the innermost rings. Figs. 15 and 16, but rapidly attain 
dimensions which are comparable with those of the tracheids of the 
outerm(.)st rings of old stems (compare Figs. J-5, and 10). 

The form of the tracheids, as seen in transverse sections, varies from 
square or rectangular. Figs. 2 and 5, to asymmetrically pentagonal or 
hexagonal. Figs. 4, 10, and 16, and in typical “compression wood" to 
oval or nearly circular. Figs. 6 and 47. Radially narrow rectangular 
forms are characteristic of the outermost tracheids of wide rings and 
of the entire latewood of such growth layers as those illustrated in 
Figs. 4, 5, S, and 10. Radially elongated forms are of common occur¬ 
rence in large-celled earlywood of old stems and roots. Figs. 4, 6, 10, 
and 16. Owing to variations in the size of tracheids and in the thick¬ 
ness of their walls, specific gravity is not a constant for either early- 
woofl or latewood. 


IN'I' ER -'F K.\C11E,A K IM TTIXO 

Fhe more conspicuous variations in the size, form, number, and 
orientation of the bordered pits in the radial walls of the tracheids, 
Figs. 20-30, are more or less closely correlated with fluctuations in the 
size of these cells and in the thickness of their walls. In other words, 
the bordered pits tend to become larger and more numerous as the 
tracheids increase in radial diameter in an expanding stem or nx)t 
(compare Figs. 20 and 25, 26 and 30, 28 and 29); but. within each 
growth layer, they decrease in size and number in passing from the 
larger thin-walled elements of the earlywood to the smaller thick-walled 
cells of the latewood. The pits commonly tend to be more numerous 
toward the overlapping ends of the tracheids and in those portions of 
the radial walls which are in contact with the terminal portions of 
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adjoining tracheids. Furthermore, the pits tend to be more numerous 
in relatively narrow rings than in unusually wide growth layers. There¬ 
fore, in studying variations in tracheary pitting, it is essential not only 
to compare homologous parts of the growth layers, but also e(|uivalent 
areas of the walls of the tracheids. 

'I'he radially narrow’ tracheids of the latewood and the earlywood 
tracheids of the inner growth layers of stems and branches usually 
have a single row of small liordered pits; i.e., a single bordered pit is 
formed over each of the more or less conspicuous primary pit-fields. 
Fig. 25. On the contrar\’, the large earlywood tracheids of old stems 
and roots ma>’ form from 1-4 large bordered pits over each of the 
transversely elongated j)rimarv pit-lields. Figs. 2(f-23. Where the pits 
are approximated vertically. Fig. 211, the crassuUe' ("Bars of Sanio ") 
are rodlike, and the j^rimary walls have a scalariform appearance; 
where they are more widely spaced. Figs. 21-23, the cr.issukc tend to 
be curved about the upper and lower margins of the oval primary pit- 
lields. "kOrked, ” "split, " or "fused " and very broad crassuke. Figs. 21 
and 25, are likewise of freciuent occurrence. 

.Although the tracheary pitting of tho redw(»od is commonly of the 
so-callefi oj^posite ty[ie, it readily passes over into typical alternating 
and closely crowded arrangements. When this change occurs, jirimary 
pit-tields and crassula^ are eliminated. Figs. 27-29, except in the case 
of such transitional or intermediate t_\’i>es of pitting as are illustrated 
in Fig. 21. In the redwood, as in Crdrus and other representatives of 
the .\l)ietoide;e, the alternating orientation is of more frequent occur¬ 
rence in roots than in stems; and, in the case of the aerial portions (»t 
the tree, in tracheids in close jiroximiiy to the primary wood and in 
the outer narrow rings (»f very ohl huge stems than in intervening 

tissue. 

The in(li\idual bordered i)it5, which vary in diameter from 5-2S q, 
may be circular. Figs. 22, 23, and 25, oval or transversely elongated. 
Fig. 30, or llattened on one or more sides by close cia'twfling. Figs. 20, 
21, 27, and 29. .Many of them have conspicuously indented or notched 
contours. Figs. 22, 23, 25, and 26. The pit a|3ertures may be circular, 
oval, lenticular, or slitlike; their form and orientation lluctuating 
with variations in the physical structure (Zimmermann, .M) and 
thickness of the secondar\’ walls of the tracheids. 

When thin, transverse sections of normal tracheids are examined in 
l>olarized light with crossed nicols, the secondary walls are seen to con- 


‘Iii thi> paper, we have adoi)le(l the terminology j)roposcd by the Committee 
on Nomenclature of the Intern.ational .Association of Wood .Anatomists (6). 
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sist of three distinct layers, Fig. 46: (1) a thin, outer layer which 
transmits polarized light and is brilliant, (2) a thin, inner brilliant 
layer, and (3) an intervening layer of varying thickness which is dark 
or transmits less light than the inner and outer layers (Dippel, 7). 


The transmission 


of polarized light 


is closely correlated with the 


orientation of micellae or chains of cellulose molecules. Where these 
are arranged parallel to the long axis of a tracheid, a layer appears 
dark in cross sections of the xylem; where they are oriented nearly at 
right angles, a layer is brilliant. The transmission varies at interven¬ 
ing angles. In other words, the micellae of the thin inner and outer 
layers of the secondary wall tend to be oriented more nearly at right 
angles to the long axis of the cell, whereas those of the central layer 
are arranged either longitudinally or diagonally. 

Variations in the thickness of the secondary wall are closely corre¬ 
lated with lluctuations in the width of the central layer, rather than of 
the inner and outer layers. Fig. 46. Where the central layer is rela¬ 
tively thin or inconspicuous, as, for example, in the large earlywood 
tracheids of old stems and roots, the pit apertures tend to be circular 
or transversely elongated; whereas in tracheids with thicker walls the 
apertures usually are lenticular or .'^litlike and are oriented either 
longitudinally or diagonally. The outlines of the apertures of a pit- 
pair may be superiruposed or “crossed." the latter condition occurring 
where the orientation of lenticular or slitlike |)its is diagonal. The 
secondary wall of the tracheids of “compression wood" differs from 
that of normal tracheids in having a wide inner layer. Fig. 47, which 
is coarsely anrl diagonally striated (Hartig, 16). This layer develops 
more or less numerous spirally arranged cracks during dehydration, 
and the apertures of the pits become extended far beyond the outlines 


of the borders. 

The torus—i.e., the thicker central portion of the pit-membrane 
which stains intensely with Ruthenium Red or Haidenhain's Haema- 
toxylin—varies markedly in size, form, and thickness. It may be 
absent, small and of irregular form. Fig. 30, or large, thick and disk¬ 
like, Fig. 26. P'requently it is conspicuously punctate, and the sur¬ 
rounding portion of the pit-membrane commonly tends to be more or 

less clearly striated or reticulated. 

Bordered pits may develop in the tangential walls of the tracheids 

of both earlywood and latewood, particularly in the case of the nar¬ 
rower growth layers of old stems and roots. The tangential i^its of 
the earlywood are larger, of sporadic distribution, and tend to have 
circular or oval apertures; whereas those of the latewood are smaller. 
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more numerous and unilormly distributed, and have lenticular or slit¬ 
like apertures. Crassula* and |irimary pit-fields are absent in the tan- 
ttential walls of the tracheids. but tori may be [iresent in the bordered 
pits. 


WOOD PARR.Xc llVMA 


I he wood parenchyma ot the redwodd. as of manv otlier (.'oniferte, 
varies ureatly in dillerent parts ot a single tree. It may be abundant 
and diltused throughout mo."! of an annual ring, fail's. 1, 7, S, and 11, 
aggregated into more or less conspicuous zones, Fi^s. 9 and 13, con- 
tmed to the lalewood. /’Vg. 2, or much reduced in amount. Figs. 4, 5, 
9, and 10. Xot inlrecjuently it tends to be more abundantly developed 
in the inner than in the narrow outer rings of old stems and roots. 

I he individual strands ol wood parenchyma lluctuate in length and 
in tangential diameter much as do the surrounding tracheary elements. 
1 his is due to the tact that both categories ol cells are derived from 
the .same lusilorm initials, and therefore increase in size as the cambial 
initials become longer and wider. Minor dilferences in the length and 
cross-sectional area ot [lareiichyma strands, as contrasted with tr.i- 
cheids. are due to dilterences in enlargement duritig tissue differentia- 

i' ^ 

tion. I he derivatives ot the tusitorm initials which divide transversely 
to form strands of wood parenchyma, do not elongate during differen¬ 
tiation of the -xylem. whereas young tracheids may tlo so. The radial 
e.xpansion of the |>arenchvma strands fre(|uentl\’ tends to be less than 
that of the adioining tracheids, but in the inner rings of roots the 
cross-sectional area ot tin* parenchymatous elements mav at times 
exceed that of the largest tracheids. 


RAN'.'^ 


Pi.'her (d), k.^.'^sner (8), and jaccard ( 18) have shown that ravs varv 
in size and in number per unit area mtt only within different iiarts of a 


single tree but akso within different 



s of a single growth layer. In 
the redwood, as in the t'onifeixe studied b>' Essner, the rays are smaller 
and more numerous. Fig. 33, in the innermost rings of stems and 
branches than in subsecpiently formed tissue. Figs. 31, 32, 35-37. 
is due in part to an increas(‘ in height of the rays with concomitant 
ray-tusi(*ns, in i)art to an increase in the tatigential rliameter of the 
intervening tracheids, and in part to other factors. The height and 
width of the rays and the number of rays or ray cells per unit area are 
not constants, however, even in the outer growth layers of roots, 
branches, and stems. Figs. 31, 32, 35-37. The maximum height of the 
rays varies trom a tew cells to more than 75 cells, and the maximum 
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width from uniseriate to biseriate or triseriate and occasionally to 
multiseriate. 

The individual ray cells tluctuate in size and form in different parts 
of a single tree and in homologous parts of different trees. Fhe length, 
i.e., the radial dimension, of the ray cells varies from less than 35 p 
to more than 500 p; the depth, i.e.. the vertical dimension, from less 
than 16 p to more than 70 p; and the width, i.e., the tangential dimen¬ 
sion, from less than 9 p to more than 40 p. In general, the ray cells 


tend to be longer in early wood than in latewood, in wide 


rinss 


than in narrow ones, and in outer growth layers than in the innermost 
ones. Roots and the larger-celled growth layers of old stems tend to 
have broadly oval or “squarish” ray cells as seen in tangential sections. 
Figs. 31, 36, and 61; whereas branches and the smaller-celled inner 
growth layers of stems commonly have narrower ray cells. Figs. 32, 33, 
35, and 62, in which the vertical dimension exceeds the tangential 
dimension. The ray cells, as seen in radial longitudinal sections ot the 
xylem, may be uniformly rectangular or somewhat tapering in outline, 
with curved or diagonallv’ oriented end walls. Furthermore, the mar¬ 
ginal cells of the rays may be of approximately the same height as the 
central cells, or they may be much larger and provided with consi)icu- 
ouslv curved outer waills. 


FIT.S BETWFIvX TR.\( H 1-'.I t).s .A.\l) RAY t'FLL.s 

The ray cells of the redwood, as of the raxodiacex\ .Araucariaceae, 
Taxaceae, Podocarpaceae, (Tipressaceae, and Ce|)halotaxaceie,' are pro¬ 
vided with a more or less thickened j^rimary wall, but do not form a 
true secondary wall such as is a characteristic feature of tracheary cells 
and of the rays of the .Abietoideae and most arborescent dicotyledons. 
This primary wall is derived directly from the ray initials of the cam¬ 
bium and is, in fact, a more or less modified cambial wall. .As in the 
case of the ray initials, it is iirovided with more or less conspicuous 
primary [lit-fields and plasmodosmata, i.e., siev^e pitting, and tends to 
be conspicuously thickened at the angles of the cells where in contact 
with intercellular spaces. Figs. 61, and 62. Sim[)le pits and pits to 
intercellular spaces, which are characteristic features of the ray wails 
of the .AbietoidccC, are entirely absent. 

I he presence of a true secondary wall in the rays of the .Abietoidete 
and its absence in the rays of the Taxodiaceae, Cupressaceac*. etc., are 
of fundamental significance in any discussion of ray pitting, tor 


'Pilgcr’s (25) nomenclature for the principal sub-groups of the Conif 
used throughout this paper. 
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example, there is at times a certain superficial resemblance l)etween 
the end walls of the ray cells of Juuipcrus and those of Ccdrus, Abies, 
or I'snf^o. In Juniperus the investigator is concerned with deej>ly de¬ 
pressed primary pit-fields in primary walls, whereas in Ccdrus, Abies, 


or Tsuga he is concerned with 



e [fits in secondary walls, i.e., 


entirely distinct morphological structures. In the case of pits in the 
“crossing field ’ or “tracheid field ” of the rays of Abies or Ccdrus, the 
investigator is dealing with half bordered pit-jiairs; whereas in the 
rays of Juniperus or Sequoia, he is dealing with bordered pits which 
have no complementary simple pits on the ray side. The pit mem¬ 
branes arc- double structures formed by the wall of the ray and the 
adjacent primary wall of the tracheid, just as the tori and pit mem¬ 
branes of paired bordered j)its are formed by the two adjacent primary 
walls of the tracheids. 

d'he tracheary pits, which are visible through the crossing fields of 
the ray cells of the redwood, Figs. 3S-d5, vary in number from one to 
more than 20; in diameter, from less than 5 p to more than l.S p; in 
form, from circular or oval to asymmetrical: and in orientation from 
horizontal or vertical rows to diagonal or irregular groupings. Phe pit 
apertures. Figs. JS-15, may be slitlike, lenticular, or so much enlarged 
that the |')it borders are more or less completely eliminated. Fusion of 
j)it apertures. Fig. dO, or of both [fit apertures and pit chambers. Fig. 
3Q, are of not infrecjuent occurrence. Fit apertures may be oriented 

to the long axis of the ray cells. Fig. 3S, parallel to the long 
axis of the tracheids. Fig. 35, or in various diagonal positions. Figs. 
39-34. As in the case of inter-tracheary pitting, variations in the 
orientation of the pit apertures are closely correlated with lluctuations 
in the thickness of the secondary wall of the tracheids and in the [physi¬ 
cal structure of its constituent layers. 

The more cons[picuous variations in the number and orientation of 
the [pits within the outlines of a cnpssing field are correlated with lluc¬ 
tuations in the radial diameter of the tracheids and in the height of 
the ray cells. In other words, low ray cells in contact with narrow 
tracheids, bigs. 39, 31, .-md 33, tend to have fewer [Pits [per crossing 
field than similar ray cells in contact with wider tracheids. Figs. 3S, 30, 
32, and 35, or than high ray cells in contact with either narrow or wide 
tracheids. Fig. 33. Where the crossing field is much elongated radially, 
the [Pits tend to occur in horizontal rows. Fig. 3S ; but where it is ver- 
tic.ally elongatefi, the [pits usually are oriented in vertical rows, Fig. 33. 
riius, in the outer growth layers of old stems and r(Pots, the orienta¬ 
tion (pf the [Pits shifts fr(»m horizontal to vertical in passing froipp the 
wide tracheids of the earlvwood to the narrow tracheids (pf the latewood. 
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SIEVE PITTING OF PARENCHYMATOUS CEI.LS 

The wood parenchyma cells of the redwood resemble the ray cells 
in having a primary wall of varying thickness but no true secondary 
wall. Thus, in the case of both wood parenchyma and rays, the pri¬ 
mary w^alls of adjoining parenchymatous elements are provided with 
more or less numerous plasmodesmata which may be evenly and uni¬ 
formly distributed or aggregated in primary pit-fields. Where the 
plasmodesmata are numerous and evenly distributed, Fig. 48, as in the 
end walls of many ray cells and wood parenchyma cells, the walls are 
relatively smooth in sectional view. Fig. 49. On the contrary, where 
the plasmodesmata are aggregated in primary pit-fields. Figs. 50, 51, 53, 
54, 56, 57, and 58, the walls appear to be beaded or unevenly thick¬ 
ened in sectional view, Figs. 52, 55, and 59. It should be emphasized 
in this connection, however, that where the walls are as tenuous as 
they are in the primary pit-fields (white areas) of Figs. 54, 56, 57, 
and 58, it is difficult to demonstrate the delicate sieve structure in 
photomicrographs. 

The primary pit-fields vary in size, form, depth, number, and dis¬ 
tribution in the various surfaces of the parenchymatous elements and 
in different parts of the tree. .As previously stated, there may be a 
single large sieve field, Fig. 48, in the end walls of the parenchymatous 
elements or a varying number of more or less discrete sieve areas which 
are located in primary pit-fields, i.e., thinner areas of the primary 
walls. The former condition tends to be of more frequent occurrence 
in thin-walled than in thick-walled cells, in the narrow outer rings of 
old stems and roots than in the inner growth layers, and in ray paren¬ 
chyma than in w(X)d parenchyma. The primary pit-fields usually are 
more widely spaced in side walls. Figs. 58 and 59, than in end walls. 
Figs. 54-56; in the side walls of much elongated ray cells than of 
shorter ones; and of earlywo(xl than of latewood. Furthermore, where 
the ray cells are very broad, fewer primary pit-fields are visible in a 
single focal plane of a radial section than where the ray cells are 
narrower. It should be emphasized, in this connection, that the 
smoother ai)j>earance of the upper and lower ray walls in radial sections 
of the redwood, as contrasted with similar sections of the .Abietoideae, 
is due, in large part, to the absence of i>its to the intercellular spaces. 

TRAUMATIC RE.SIN CANALS 

The cambium of the redwood is extremely sensitive to traumatic 
stimuli and to abnormal environmental inlluence and tends to form 
arcs of resin canals. Figs. 8, 12, 14-19, which extend considerable dis- 
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tances l)cyoiKl the principal focus of stimulation. In other words, an 
injury to the crown may induce the formation of resin canals not only 
in the injured branches, but in the stem as well. The cambium of 

m 

Scqu(>i(i srmpcrvircns differs, however, from that of Scqu()i<i gi^untca, 
and particularly from that of the various species of Ccdrus, in not 
forminji horizontal resin canals. 

I'he resin-canals of the redwood vary f^reatly in size and shape, in 
the character and abundance of the specialized cells which jacket them. 


in the presence or absence <»f 


soids, and in the position of the 


canals within the .growth layers. Figs. 14-19. The schizoyenous cavi¬ 
ties may l)e minute, Fig. 15, or relatively laiyte. Fig. 14. I'hey may 
be angular. Fig. 15, oval, circular. Fig. 16, slit-like. Fig. 17, or irregu¬ 
lar, Fig. 14. riiey may have a conspicuous and clearly differentiated 
epithelium. Figs. 16 and 19, or irregular jacketing mi.xtures of strand 
tracheids and parenchyma. Figs. 14, 17, and IS. The location of the 
resin canals is determined by the season of the year at which the 
abnormal stimulus occurs, d'hus, the canals mav be located in the 


first-formed portion of the earlywood. Fig. IS, in the outer portion of 
the latewood. Figs. 14, 15, and 17, or in various intermediate positions. 
Figs. 16 .-ind 19. lliey tend, in general, to be of more fret|uent occur¬ 
rence in the Iiranches and roots of old trees than in the clear length of 
the stem. It is significant, however, that in certain parts of the range 
of the redwood, the crowns of trees growing in e.xposed situations are 
injured each year by severe storms which occur at si'iecific periods dur¬ 
ing the growing season. I'lie stems of such trees frequently form arcs 
or rings of resin canals in a large proportion of the successively formed 
growth layers. Fig. 12. 

.STR.AXD TR.ACMFJD.S 

The redwood exhibits a strong tendencv to form numerous strand 
tracheids not only in close proximity to traumatic resin canals, but 
also upon the outer surface of the latewood of growth layers or i)arts 
of growth layers which are devoid of resin canals. Fig. 31. Not infre¬ 
quently they are developed with such regularity in successively formed 
growth layers as to appear of normal occurrence, but are in all proba¬ 
bility due to some [)eriodically recurring environmental stimulus. 


K.-\V TR.ACHFllXS 

Ray tracheids are of extremely uncertain and sporadic distribution 
in the redwood (Gordon, 13; Holden, 17). They may be abundantly 
developed in stems which exhibit no evidences of wounding and may 
be entirely absent in severely injured specimens. They may be aggre- 
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gated in a single independent radial row or erratically distributed 
along the margin of the rays. Their size and shape are variable, and 
their w-alls may be smooth or provided wdth helical thickenings. 


COXTr:XTS of PARFXCin'.M.V .AXD "RF.^IXOUS” 

TRACIIFIDS 

The ray cells and wood jiarenchyma strands of the redwood com¬ 
monly contain a varying amount of ergastic material w’hich varies in 
r r f ro n t 1 1 fj t ^ 11 w r orange to reddish-brown, dark red, or nearly 
black. It may be distributed in irregular masses, in large globules, or 
in finely granular or alveolar forms. In the heartwood of old roots, 
and of mtmy stems and branches, not only do the walls of the tracheids 
become saturated with more or less of this material, but it e.xudes into 
the luminti, where it trequently forms septa, or plugs, which appear 
spool-shaped in sectional view, Fit^. 60. Tracheids which contain such 
biconcave septa are commonly referred to as resinous tracheids (Pen- 
hallow, 24; Record, 26). 

DI.S(T\^.SI()X 


.\s stated in our introduction, systems of classifying and identifying 
the woods of conifers and dicotyledons have developed largely through 
trial and error. In other words, each investigator assembles, or has 
access to, a collection of relatively small samples of the wood of 
various genera and species. These specimens are sectioned and are 
laboriously and minutely studied in a search for structural differences 
which may be utilized in the construction of keys. Each investigator 
finds that certain of the diagnostic criteria used by his [predecessors 
are unreliable and replaces them by others of [puttitively greater 
conservatism. 

The inherent difficulty in this method of approaching the problem 
is that available collections of woods are e.xtremely heterogeneous 
assemblages of fragmentary specimens from different sources. Samples 
of the wood of one species or genus may be from old virgin forest trees, 
those of another species or genus from young second-grow'th forests, 
and those of a third from trees planted in botanic gardens or arboreta. 
Therefore, the [prevailing conception of the structural characteristics 
of the xylem of any [Particular species or genus de[pends upon chance, 
i.e., upon the types of specimens which happen to be available in 
existing collections. Students of commercial timbers naturally confine 
their attention to the merchantable part of the tree; but the parts of 
the tree which eventually reach the market vary with the species, wdth 
the uses to which different woods are put, and with many other factors. 
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III the case of Sequoia scuipcrvireus, the properties of the wood and 
the commercial requirements are such that the outer parts of the clear 
lengths of old slowly growing trees are prized for industrial utilization, 
d'herefore, it is not surprising that in such manuals as those of Koehler 
(20) and Brown (5) wood of the general type shown in Fig. 4 is se¬ 
lected for study and illustration. It is signilicant, however, that the 
detailed anatomical descriptions of Penhallow (24) and ot other bot¬ 
anists and paleobotanists apjiear to be based largely upon the investi¬ 
gation of similar material. 'Fhe prevailing conception of the anatomi¬ 
cal characteristics of Sequoia gigautea likewise is based upon the study 
of material from the outer [lortions of huge old stems, whereas that of 
other species and genera fre<|uently is derived from an e.xamination 
of specimens from young or immature stems. 

Our detailed .study of the redwood, and our preliminary observations 
u|wn the range of structural variability in various re[iresentatives of 
the Pinacea?, .Araucariacea', laxaceae, Podocari)aceae, I'axodiacea?, and 

w 

Cu[)ressacea?, indicate that most, if not all, ot the anatomical charac¬ 
ters which have been utilized for diagnostic purposes lluctuate more or 
less, not only in trees grown under markedly difterent environmental 
conditions, but also within different parts of a single individual. 'I'his 

I 

is as true of such supposedly ct*nservative (lualitative characters as 
form and orientation of pits, or of pit aixu'tures, as of such c|uantitative 
characters as width of annual rings, dimensions of cells, or number of 
rays per unit area. In general, the range of variability tends to be 
greater in different parts of a single large mature tree than in homolo¬ 
gous parts of different trees of the same species. There are significant 
anatomical differences not only in comparable parts of stems, roots, 
and branches, but also in growth layers formed at successive intervals 
during the development of each of these organs. Thus, although wood 
from the outer parts of huge old stems may resemble that of the root. 


vounger 


stems, of 


it usually differs considerably from the wood of 
branches, or of seriously su[)pressed or dwarfed stems. 

It is evident, in view of such facts as these, that, if the problem of 
classifying and identifying the woods of gymnosjierms and angiosperms 
is to be attacked from a thoroughly scientific point of view, collections 
of authentic specimens must be assembled, not only from ditlerent 
genera, species, and varieties, but also from different parts of mature 
trees and from trees growing under different environmental conditions. 
Idle availal)le anatomical data—tabulated from miscellaneous collec¬ 
tions and without due regard to significant developmental, physiologi¬ 
cal, and ecological factors—do not provdde a reliable basis for dis- 
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tinp[uishing the woods of most closely related species or even of many 
remotely related ones. This is particularly true of fossilized specimens 
which may be derivefl from any part of the tree and where such 
macroscopic aids as color, odor, ttloss, hardness, etc., are evanescent. 
Thus, although it is possible to differentiate the wood of Sequoia from 
that of the Ta.xaceae, .Araucariaceae. Abietoidea?, and I’inoideae, and to 
determine, for e.xample, that Sequoia Peuhallou'ii is, in reality, a rep¬ 
resentative of the Abietoidetc, it is clifficult to distinguish the wood of 

7 » 

Sequoia, in all cases, from that of the Podocarpaceae, ('upressaceae, and 
other genera of the Taxodiaceae. .As indicated on preceding pages, the 
pitting of rays and of wood parenchyma—upon which Penhallow (24), 
Gothan (14), Kriiiisel (21), Kanehira (19), Slyper (30), and others 
place so much reliance—may tluctuate markedly within a single tree 
or species. For example, the pits in the crossing fields of the rays 
(earlywood) of the redwood vary from “ta.xodioid ’ to “cupressoid,'’ 
‘‘pudocarpoid, " or “glyptostroboid,” depending upon the source of the 
wood that is selected for investigation. Similarly, the structure of the 
end walls of the wood parenchyma, as seen in tangential longitudinal 
sections of the xylem, may be smooth or conspicuously beaded (Taxo- 
dium type), depending upon the part of the tree from which the wood 
is cut. 

In the seventh paper of this series, it was shown that such putative 
transitional Alesozoic Coniferte as Protopieeoxylou, Plauoxylon, Tliyll- 
oxvlou, and Protoeedroxxlou fall within the range of structural varia- 
bility of living representatives of the Abietoklesc. These genera are 
characterized, as are Cedrus, Keteleeria, Abies, Tsuya, Pseudolarix, 
Larix, Pseudotsuga, and Picea, by ray cells which form true secondary 
walls. I'he question arises, accordingly, whether other representa¬ 
tives of the hypothetical transitional Araucariacese, which do not 
exhibit this type of ray structure, fall within the range of anatomical 
variability of the Podocarpacetc, Taxodiacete, or ( upressaceae. 

Fhe salient arguments for regarding Brachyoxylou, Paraeedroxylon, 
Telep/iragtnoxylou, Auomaloxylon, Paraphyllocladoxylou, and Para- 
eupressinoxylon as araucarians in disguise rather than as representa¬ 
tives of the Podocarpaceae, Taxodiaceae, or CTipressaceae are the reputed 
absence of crassulae and the occurrence, particularly towards the ends 
of the tracheids, of so-called araucarian pitting. Emphasis is fre¬ 
quently placed, in addition, upon the occurrence of “resinous'’ tra¬ 
cheids and of clusters of medullary stone cells, and u|)on the absence 
of wood parenchyma and of clearly defined growth layers. 

Clusters of sclerides or stone cells. Fig. 34, are of not infrequent 
occurrence in the pith of the redwood and have been reported in 
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rorrrv(], Fodocarpus, Dacrydiuvi, and Crypto vie fid (Seward, 28). 
'ry|)ical “resinous" traiheids, Fiy,. 6i), are abundantly developed in 
many specimens of Sequoia scinpervireiis and are known to occur in 
Finns and other conifers exclusive of the .Araucariacere. Wood paren¬ 
chyma may be entirelx' absemt in specimens of the wootl ot various 
representatives of the laxodiacaxe and Podocari)ace3e and may be 
l)rt“sent in the secondary xylem of livinj^ representatives of the .Arau- 
cariaceip. .Similarly growth layers may be strikingly dilferentiated in 
the .Araucariaceie and teebly developed or absent in the Podocarpacea?, 
laxodiaceic, and Cuiiressacea’. kurthermore, contiguity and alterna- 
li<»n of tracheary pitting is by no means an infallible criterion of arau- 
carian affinity. We have shown that in the reilwood, as in Cednis and 
other representatives of the Abietoidea*. the tracheary pitting shifts at 
times from an oppiisite to an alternating orientation and from a widely 
spaced to a clo.sely crowded arrangement. Such changes in the arrange¬ 
ment of the bordered pits tend to occur most readily at the ends of 
the tracheary cells. It should be emphasized, in addition, that where 
the i>its shift to the so-called araucarian orientation, crassulre and |iri- 
mary pit-fields are more or less completely eliminated. .An investiga¬ 
tion of a wide range of Pod near pa cea*. 'I'axodiaceay and C'upressacea’ 
reveals not onlv that contiguitN' and alternation of tracheary pitting are 
of more frepuent occurrence than has been hypothesized, but also that 
where the pits are in opjiosite or widely spaced arrangement, the 
cra.ssula* may be so tenuous that they can be rlemonstrated only alter 
delicately controlled dilterenlial st.iining. Primary |)it-lields and cras- 
suke which are clearly visible in sapwood may be completely obscured 
during the transformation of sapwood into hearlwood. I o assume 
that these delicate structures of the primary walls are preserved in 
\dsible form in all material and under all conditions of fossilization is 

illogical. 


It is evident, accordingly, not only that there are no convincing 
ar'^uments for assuming that the various Paracupressino.xyla and 

I » ’ 

Hrachvphy 1 leie are transitional or ancestral tyjies of .Araucariacete, but 
also that most of them fall within the potential ranges of vari:d)ility 
of the Podocarpacetp, d'axodiacetc, or C’u[)ressacea\ A number of them, 
obviously, exhibit combinations of anatomical characters which occur 

of the genus Sequoia. For example. Tele- 

p/irat’vioxvlov was instituted for w'oods of putative araucarian aftmi- 
ties which are characterized by having strand tracheids upon the outer 
surface of the latewood. We have shown that the redwood has a pro¬ 
nounced tendency to form strand tracheids and that, in trees from 


livin 
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certain parts of the range of the species, these strand tracheids are 
present upon the outer surface of many successive growth layers and 
thus appear to be of normal occurrence. Not only are typical schizo- 
genous resin canals, “resinous ’ tracheids, and clusters of medullary 


stone cells of frequent occurrence in the redwood, but wood paren¬ 
chyma may be greatly reduced in amount and practically eliminated 
from certain specimens. Fhus, in so far as one may judge from pub¬ 
lished descriptions and illustrations, both species of Tdephragmoxylon 
fall within the range of structural variability of Sequoia, and may, in 
fact, be remains of this genus or of some closely related one. 


It should be emphasized in conclusion that, in the present status of 
our knowledge concerning the variability of diagnostic criteria and in 


view 


of the difficulty of accurately determining the generic and even 
the sub-family affinities of many sj>ecimens, specific names as applied 
to fossil woods have no significance other than as aids in designating 
particular specimens. The word, “species,’’ must be used for the pres¬ 
ent in an entirely different sense from that in which it is employed in 
systematic botany. Many of the supposedly distinct “species ’ of fossil 
woods may actually have been derived from the same species or even 
from different parts of a single tree, (a)nversely, specimens which are 
referred to a particular “species” may actually have been derived from 
different species or genera. It should not be inferred from this, how¬ 
ever, that the problem of identilying plants by the structure of their 
secondary xylem is necessarily a hopelessly difticult one. Not only is 
there the possibility of ultimately Imding structures or characters which 
are present in one genus or species and entirely absent in others, but 
the ranges of structural variability vary in different plants, 
the combinations of structural characters that occur in specific parts 
of the tree may fiuctuate from species to species. 


Thus, 


SUMM.ARY AND CONCLUSIONS 

1. detailed investigation of the secondary xylem of the redwood 
demonstrates that most anatomical characters fluctuate considerably 
not only in trees grown under markedly different environmental con¬ 
ditions but also within different parts of a single tree. This is as true 
of such supposedly conservative qualitative characters as form and 
orientation of pits, or of pit apertures, as of such cjuantitative charac¬ 
ters as width of annual rings, dimensions of cells, or number of rays 

per unit area. 

2. In general, the range of variability tends to be greater in differ¬ 
ent parts of a single, large mature tree than in homologous parts of 
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dilterent trees. There are siiinificant differences not only in compar¬ 
able parts ol stems, roots, and branches, but also in growth layers 

formed at successive intervals during the development of each of these 
organs. 

3. In the redwood, as in other conifers, the cambial initials and 
their derivatives increase in size for a varying period of years, after 
which they tend to remain constant except where deviations are in¬ 
duced by various modilying factors. The cells of roots and of the 
outer parts of the clear lengths of huge old stems tend to be larger 
than those of young stems, ot jthysiologically dwarfed stems, or of 
branches. 

4. Many of the salient variations in the size, form, number, and 
orientation of pits and of |)rimary pit-helds are correlated with such 
lluctuations in the size of cells and in the thickness and physical struc¬ 
ture ol their walls. Thus, dilierent combinations of anatomical char¬ 
acters tend to prevail in ditferent parts of a tree and in tissues formed 
under varying growth conditions. 


5. .A preliminary study of the ranges of structural variabilitv 


m 


various representatives of the Conifera? indicates that although it is 

r ^ 

possible to difterentiate the wood of Sequoia from that of the l axacete, 
Araucariaceae, .Abietoidete, and I’inoidea.*, it is difficult to distinguish 
it in all cases from that of the Podocarpacete, Cu|)re.ssacete, and other 
genera of the Taxodiaceae. 

6. Characters which have been interju'eted as indications of arauca- 
rian aftinities—i.c., contiguity and alternation of tracheary pitting, 
absence of crassula’ and of wood parenchyma, occurrence of “resin¬ 
ous tracheids and ot clusters of medullary stone cells, etc., are of not 

uncommon occurrence in the redwood and other rci)resentatives of the 
Podocarpacea?, Taxodiaceae, and Cupressaceae. 

F. J here are no convincing arguments for a.ssuming that the vari¬ 
ous Paracupressinoxyla and Hrachyphyllea? are transitional or ancestral 
types of .Araucariaceae, rather than forms related to the Podocar[)acea;, 
Taxodiaceae. or Cupressacea*. .A number of them exhibit combinations 
of anatomical characters which fall within the potential range of struc¬ 
tural variability of the genus Sequoia. 

8. Systems of classifying and identifying the woods of gymnosperms 
and angiosperms have developed largely through trial and error. 
Available anatomical data—tabulated from miscellaneous collections 
of more or less fragmentary specimens and without due regard to sig¬ 
nificant developmental, physiological, and ecological factors—do not 
provide a reliable liasis for distinguishing the woods of most closely 
related species and of many remotely related ones. 
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9. If the problem of classifying and identifying the woods of gym- 
nosperms and angiosperms is to be attacked from a thoroughly scien¬ 
tific point of view, collections of authentic specimens must be 
assembled, not only from dilferent genera, species, and varieties, but 
also from different parts of mature trees and from trees growing under 
different environmental conditions. 


LITEKATL’RE CITED 

1 . B.mlev, I. \\’. Tlie canihiuin and its derivative tissues: II. Size 

variations of cainbial initials in gyinno>perins and angiosperms. 

(Am. Jour. Bot. 7:355-367. 1920.) 

- The cambium and its derivative tissues; I \ . The increase 


7 


3. 


4. 


11 . 


12 . 


14. 


15. 


16. 


in girtii of tlie cambium. (Am. jour. Bot. 10:4‘t^)-5U9. 1923.) 

-Tlie cambium and its derivative tissues : VII. Broblems in 


identifving the wood cO Mesozoic Conifera?. (.Annals Bot. 47: 

145-157. 1933.) 

- <!(’ Tlim-kk, \V. VW Size variation in tracbeary cells: 


1. A comparison between the secondary .xylems of vascular cryp¬ 
togams, gvmnosiierms, and angiosjierms. ( Broc. Am. Acad. Arts 

& Sci. 54:149-204. 191S. ) 

5. Brow.v. H. I*. Atlas of the cfimmcrcial woods of the Lnited States. 

(Bull. X. V. State College of For. 1:1-6, 60 plates. 1928.) 

6 . Committee on Nomenclature. International Association of Wood 

Anatomists. Cdossarv of terms used in describing woods. (Trop. 

Woods. 36:1-12. 1933. ) 

7. Diri’Ki.. L. Das Mikroskop und seine Anwendung. II. Braun¬ 

schweig. 1869. 

8 . ICssNEK. B. LTber den diagnostischen Werth der Anzahl und Ilohe 

der Markstrahlen bei den Coniferen. (.Abhandl. Naturf. (lesell. 

Halle. 16:1-337. 1886.) 

9. Ei.scmkk. H. Ein Beitrag zur vergleichenden Anatomie des Mark- 

strahl-gewebes und der Jahrlichen Zuwacbszonen im Holzkorper 
von .Stamm, Wurzel und Aesten I)ei Finns Abies L. (Mora. 68: 
263-278. 280-294. 302-369. 313-324. tab. 4. 1885.) 

10. Eisheu, R. T. The redwood. (U. S. De])t. Agric. Bull. 38:1-28. 


1903.) 

Fritz, E. Tree history written in .annual growth rin.gs. 
Lumberman. 1927:272.^—2726.) 


(.A m. 


-& Avereli., J. E. Discontinuous growth rings in the Cali¬ 
fornia redwood. ( Jour. Forestry, 22:31—38. 1924.) 

13. CoRDo.x. M. Rav tracheids in .Sequoia semi)ervirens. (New Fbytol. 

11:1-7. 1912.) 

Goth.-x.x. W. Zur .An.atotnie lebender und fossilcr Gymnospcrmen- 
holzer. (.Abhandl. K. Freuss. Geol. Landesanst.alt, 44( N.l".) :1— 

108. 1905.) 

H-artig, R. L'eber den Drehwuchs der Kiefer. (Sitzber. K. Bayer. 

Akad. Wiss. M.ath.-Fhys. Kl. 25:199-217. 1895. ) 

- Das Rothholz der F'ichte. (Forstl. Naturw. Zeit.schr. 5: 

96^109: 157-169. 1896.) 

17. Holue.x, R. Rav tracheids in the Coniferales. (Bot. Gaz. 55:56-65. 

1913.) 







252 


JOURNAL OF THE ARNOI.U ARBORETl M 


[vOL. XV 


18. 


19. 


20 . 


21 . 


> -> 


23. 


26. 


27. 


J. vce.AKi), 1’. Leber die \ erteilung' der Markstrahlen bei den Coni- 

leren. (^Ber. Dent. Bot. Gesell. 33:492—198. 1915.j 

K. xnkhira, R. Anatomical characters and identilication ol the im¬ 

portant woods of the Japane>e Rmpire. (^Formosa Uept. Forestry. 
Report, \o. 4. 192t). j 

Kokiilek, a. Guidel)ook for the identilication of woods used for 
ties and timbers. (U. S. Dept. Agric. 1917.) 

Kk.vusel, R. Die Bedeutimg der Anatomic lehender imd fossilcr 

fiir die I’liylogenie der Koniferen. fXaturw. \\ ochenschr. 



16u\.F. 1:3U5-311. 1917.) 

Luxforu, R. F'. & M.\rkw.\ri»t, L. J. 


The strength and related 


properties of redwood. (U. S. Dept. Agric. Tech. Bull. 305:1—18. 
1932.) 

I'.M i,, B. II. The application of silviculture in controlling the spe¬ 
cific gravity of wood. (L. S. Dept. Agric. Tech. Bull. 168:1-19. 

1930.) 

24. Tenhai.low, D. 1’. .\ manual of the North American Gymno- 

s])erms. (Ginn & Co. Boston. 1907.) 

25. I’lLC.ER, R. (Ifngler u. I’rantl, Die natiirlichen I’llanzenfamilien. 


hid. 2. 13:164-166. 1926.) 

Record, S. j. Signilicance of resinous tracheids. ( Bot. Gaz. 56: 

61-67. 



S.ANio, K. Uel>er die Gnisse der Holzzellen hei der gemeinen Kieter 
( IMnus silvestris). lahrl). W iss. Bot. 8:401—120. 1872.) 

28. Seward, A. C. Fossil Plants. IV. (L'niv. Press, Cambridge. 

1919.) 

29. .SjiEPARD. 11. B. & Bailey, I. W’. .Some observations on the varia¬ 

tion in length of conifertins libers. (Proc. Soc. .Am. I'oresters, 

9:522-527.' 1914.) 

30. .Si.vi'ER, F. J. Bestimnnmgstahelle fiir rezente tmd fossile C'oni- 

ferenhiilzer nach mikroskopischen Merkmalen. ( Rec. Trav. Bot. 

Neerl. 30:482-513. 1933.) 

31. ZiM MERMAX.N', A. L’chcr den Zusammenhang zwischen Richtung 

der Tu|)fel und der o|)tischen I'Jastizitatsachsen. ( Ber. Dent. Bot. 
Gesell. 2:124-129. 



DESCRIPTION OF PLATES 

PlaiE 90 

Scejitoia sonpcn'irciis 

Figs. 1-5. Stem. Transverse sections of the xylem. showing structural 

details of growth layers at successive intervals between the pith 
and bark of a large stem. X 32. 

Plate 100 

Sequoia sempen‘ireiis 

Fig. 6. Steal. Transverse section of the xylem from the outermost 

portion of an old tree, showing wide layer of 
wood.” X 32. 

Figs. 7 & 8. Hraueh. Transverse sections of the xylem, showing growth 

layers from the inner and outer parts of an old branch. X 32. 

Fig. 9. Braueh. Transverse section of the xylem from the under side 

of an old liranch, showing "comjiression wood.” X 32. 

Fig. 10. Root. Transverse section of the xylem of an old root. X 32. 


“compression 
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Fic. 

11 . 

Fic. 

12. 

Fic. 

« 7 

13. 


I’l.ATK KJI 

Si\}uoiit si'iiif'i'ri'irciis 

Sh’Di. Transverse section of the x\leni ol a voiinj^ vif^orous 
tree. sho\vin;.r wide tjrowtii layer and .gradual tran.sition between 
earlywood and latewooil. X 17. 

■Stem. 1 ransx'crse section of the xylein. showiiyif traumatic 
resin canals in the latcwood oi three ^ucces.^ive irrowth lavers 

X 17. ■ ' ■ 

Sli'iii. I ransverse section of the xvlem. showiniL^ wide j^rowth 
layer forniefl after a prolonijed period oi supi)res>ion. X 17. 

ri.ATi-: lOi 

S\'(iii(>hi .'icmpcrrirciis 


I'ies 


14, 


1 ^ ■ 1 • Stem. I ransver>e sections ot the x\'leni. showiii}^ v;iri- 
ous types of traumatic re.Nin canals. X 54. 

I'hv- 15- h'oot. 1 ransverse section ot the .xylem of a youiiij root, show- 

in,ir traumatic resin canals. X 54. 

Fi,c:. lb. I\(>ot. Transverse section of the xylem of an old root, showin.i,'- 

traumatic resin canals. X 54. 

ri,.\i'K 105 

S'e(iiioia .sc;/; per^'ireiis 

1 — 0 -— 5 . Ste)ii. Radial lonj^itudmal sections of the xvlem. sho\vin,i^ 

\’ai lations in the lorm and m the distrihution of primarv jiit- 

helds. crassuhe. and bordered pits in thin-walled tracheids of 
varying,'- diameters. X J55. 

20 . hoot. Radial loiycitudmal sections of the xvlem. .showin.i^ 
compressed and alternatin.e;- arran,cements of bordered 

X 255. 

iSr 5(t. Stem. Radial lon.citudinal .sections of the xvlem. .showupc 
variations in the size and form of the torus. X 10,SO. 

I’l.ATE 104 


Lie's. 


27 



Lie s 


20 


Sequoia semher7'ireiis 


Fic. 


31. 


I'ic. 34. 


Stim. laipcential loncitudinal .sectnin of the xvlem. showiiyc 
strand tracheids. rays, and bordered jiits. X 54. 

Stem. Transverse .section of the i)ith, showinc cluster of stone 
cell.s._ X 7.3. 

1 3w, .3,'^. 35-v3/ . Stem. r,an,cential lonicitudmal sectnins of the xvlem. 

sliowinc common variations in the size and form of ravs and 
ot their constituent cells. X 54. 

Pi. ATE 105 

Se(j 11 oia semher7'ircus 

1 3S-4,3, R' 45. .S/i m. Radial lon,citudinal sections ot the fir.'it fot'meii 

po) t ot the earlywood ot various lavers. showin.c varia- 

tions in the .size, torm, numher, and orientation id bordered 
pits in the “crossiii.c fields” of the ravs. X 1210. 

44. Root. Radial lon.citudinal section of the xylem of a youn,c 

root, showinc orientation of bordered pits in the crossinc field 

X 1210. 


Fi 


Fi 


(r 


fit a ray. 

40. Stem. 1 rans\'erse sectifin ot the xylem, photo.craphcd with 
polarized li.cht. X 965. 


251 


JOl RNAL or niE ARNOLD ARBORETUM 


(VOi.. XV 


4 4 


'oud. 


^ f 


])hot()- 


FiiT- -^7- Stem. Transverse section ot 'conipression u 

graphed with polarized lij^lit. X 965. 

F* I . .\ r I-: 106 

Sequoia sentf'en'ireiis 

I'i,£ts. 48 51 . Tanf^ential lonj^itndinal sections of the xylein, showing;’ 

surface views of the sieve pitting in the end walls of ray cells. 

X 500. 

50, 53. 54. 56. & 57. Transverse sections of the xvleni. showing’ 
primary pit-tields and sieve j)itting in the end walls of wood 
parenchyma. X 500. 

h'igs. 40, 52. 55. 'Fangential longitudinal sections of the xylem. showing 

sectional views ol the end walls of wood {)arenchvma. X 500. 

Fig. 58. Transverse section of the xylem. showing surtace view ot the 

wall of a ray cell. X 500. 

I'ig. 50. 'l aiygential longitudinal section of the xylem, showimr sectionrd 

view of the lati'ral walls of wood parenchyma. X 500. 

FiiT. 60. Radird loneitudin.al section of the xvlem, showing “resinous 


tracheids.” X 1/0. 

F igs. 61-62. d .'ingential longitudinal secticais ot the xvlem, showing de- 

tails of rav structure. X 500. 
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